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METHOD AND APPARATUS FOR PERFORMING MULTIPLE PROCEDURES 



BACKGROUMD OF THE IKVENTZON 

1. fX^ld Qf tfte Hiveiitioq 

The present invention relates generally to methods 

10 and devices for performing multiple, sequential intraltiminal 
procedures. In particular, the method and apparatus utilize 
two or more interactive devices, including therapeutic and 
diagnostic devices, on separate catheters by selectively 
positioning at least one of the devices at a desired target 

15 site within the lumen while the other device (s) remain close 
by for subsequent use. 

In percutaneous tr^insluminal angioplasty procediires, 
a catheter having an expander, ie distal end, usually in the 
form of a balloon, is positioned in a lumen of a blood vessel 

20 with the distal end disposed within a s,tenotic atherosclerotic 
region of the vessel. The expandable end is then expanded to 
dilate the vessel and, upon withdrawal, restores adequate 
blood flow through the diseased region. During dilatation, 
blood flow is interrupted, limiting inflation time to between 

25 0.5 and 3 minutes. 

While angioplasty has gained wide acceptance, it 
continues to be limited by two major problems, abrupt closure 
and restenosis. Abrupt closure refers to the acute occlusion 
of a vessel immediately after or within the initial hours 

30 following the dilatation procedure. This complication occurs 
in approximately one of twenty cases and frequently results in 
myocardial Infarction and death if blood flow is not quickly 
restored. At present, arterial dissections are treated by 
prolonged balloon inflations lasting more than 5 minutes. 
' 35 Special angioplasty balloon catheters which allow for 

perfusion through the dilatation catheter during inflation are 
usually necessary for such prolonged procedure. 
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Restenosis refers to the re-narrowing of an artery 
after an initially successful angioplasty. Occurring usually 
within the initial six months after angioplasty, restenosis 
afflicts approximately one in three cases. That is, 
approximately one in three patients will require additional 
revascularization procedures. Many different strategies have 
been tried unsuccessfully to reduce the restenosis rate, 
including mechanical (e.g., prolonged balloon inflations, 
atherectomy, laser and stenting) and pharmacologic (e.g., 
calcixm antagonists, ace inhibitors, fish oils, steroids and 
anti-metabolic) approaches. A promising new strategy is to 
deliver agent directly to the arterial wall at the site of 
angioplasty. Several devices have been developed to deliver 
agent locally into the arterial wall, similar to angioplasty 
balloon catheters, most drug delivery catheters interrupt 
blood flow, limiting the duration of time to deliver agent. 
Another promising strategy is to use intravascular ultrasonic 
imaging to guide the initial revascularization (e.g. balloon 
angioplasty, atherectomy, etc. . . ) . 

Presently the use of multiple modalities to treat a 
single lesion requires different catheters. In clinical 
practice, this means that one catheter must be removed while 
maintaining guide wire position after which the second 
catheter is tracked over the guide wire to the site of 
interest. The maneuver, commonly referred to as an "exchange** 
adds time to the procedure, increases blood loss and 
jeopardizes maintenance of the guide wire position. 

For these reasons, it would be desirable to provide 
improved methods and devices for performing multiple, 
sequential intraluminal diagnostic and/ or interventional 
procedures. It would be particularly desirable if such 
methods and devices permitted the introduction of a single 
catheter system employing discrete catheter components, each 
of which would have at least one diagnostic or interventional 
capability, in such a way that the components can be 
interchanged within the system. More particularly, it would 
be desirable to provide catheter components or elements having 
one or more diagnostic and/or interventional capabilities. 
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Where the components could be utilized in conjunction with 
conventional interventional and imaging catheters. Even more 
particularly, it wou i be desirable if such catheter 
components could provide for imaging, drug delivery, blood 
flow perfusion, pretreatment (e.g., slitting) of arterial 
plaque, and the like. All such catheters, catheter systems, 
and methods, should provide for rapid redeployment of each of 
the individual diagnostic, imaging, and interventional 
capabilities so that the proper treatment, diagnosis, or 
imaging can be performed at any point during a procedure 
without unnecessary delay. 

4^ JMKARY OF THS INVENTION 
According to the present invention, methods and 
apparatus are provided for sequentially performing multiple 
intraluminal procedures. The methods comprise introducing a 
sleeve catheter slidably received over a base catheter, where 
the base catheter Includes a first interactive device which is 
positioned at a target location within a body lumen to perform 
a first procedure. The sleeve catheter is axially translated 
relative to the base catheter to position a second interactive 
device disposed on the sleeve catheter at the target location 
to perform a second procediire. The first £md second 
procedures can be performed in any order (i.e. the second 
procedure could be performed prior to performing the first 
procedure) and as many times as required to complete a 
particular treatment, diagnosis, and/ or imaging procedure. 

The interactive devices can be selected from a wide 
variety of known interventional, therapeutic diagnostic, and 
imaging components and systems. For the preferred 
cardiovascular procedures of the present invention, the first 
interactive device will usually be an interventional device, 
such as an angioplasty balloon, an atherectomy device, a laser 
ablation device, or the like. The second Interactive device 
will usually be drug delivery components, imaging systems, 
stent placement systems, plaque pre-slitting devices, and the 
like. In all cases, it will be desirable to provide perfusion 
ports on the sleeve catheter where the ports are spaced 
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proximally from the distal end of the catheter by a distance 
sufficient to provide blood perfusion flow (i.e. blood flow 
through the sleeve and past an obstruction) when the sleeve 
catheter is in place at a desired treatment site. In that 
way, the sleeve can be used to provide blood perfusion in the 
case of abrupt reclos\ire and/ or during prolonged 
interventional diagnostic, therapeutic or other procedures. 

Preferred methods according to the present invention 
thus comprise the delivery of a therapeutic agent to a 
vascular treatment site in combination with an interventional 
procedure, such as balloon angioplasty or atherectomy. A base 
interventional catheter will be introduced to the target 
location within the patient's vascular system while the sleeve 
catheter is carried "piggyback" thereon. Usually, the base 
catheter will be used to perform the interventional procedure 
first, and the sleeve catheter having drug delivery capability 
will then be advanced over the base catheter to position the 
drug delivery means within the treatment site. Optionally, in 
the case of balloon angioplasty, the balloon catheter can be 
used to radially expand the sleeve so that the drug delivery 
means directly contacts the blood vessel wall to enhance 
delivery efficiency. 

A preferred vascular imaging method according to the 
present invention comprises introducing a catheter sleeve 
having imaging capability while placed over an interventional 
base catheter, such as an angioplasty or atherectomy catheter. 
Usually, the imaging sleeve will be advanced to the treatment 
site over the interventional catheter in order to perform 
imaging and diagnosis of the stenotic region prior to 
interventional treatment. The imaging sleeve catheter will 
then be proximally retracted by a distance sufficient to 
expose the interventional component of the interventional 
catheter. The desired interventional procedure can then be 
performed, with subsequent imaging and interventional 
treatment steps performed as necessary. 

A third preferred procedure according to the present 
invention combines a primary interventional or diagnostic 
procedure with stent or graft placement. The first 
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interactive device can be any interventional element, imaging 
component, or combination thereof, usually being an 
angioplasty balloon. A radially expandable stent or vascular 
graft is carried on the sleeve catheter, typically being 
5 disposed over a radially expandable distal end thereof. After 
performing a conventional dilatation procedure with the 
angioplasty catheter, the sleeve catheter can be advanced to 
position the stent or graft over the angioplasty balloon 
within the treatment site. The balloon may then be inflated 

10 to expand and implant the stent or graft within the treatment 
site without the need to perform a catheter exchange. 

A fourth preferred procedure according to the 
present invention combines a primary interventional or 
diagnostic procedure, preferably balloon angioplasty, with 

15 pretreatment of the arterial plague, usually axial scoring or 
slitting of the plague to enhance subsequent balloon dilation. 
A plurality of blades or other cutting elements is carried on 
the sleeve catheter, typically being fixed blades protected by 
retractable shields. Prior to performing balloon angioplasty, 

20 the blades on the sleeve are advanced to within the plaque and 
exposed or otherwise actuated to score or cut the plaque along 
a plurality of lines usually axially oriented, but they could 
be helical or any other orientation. Such scores or cuts will 
weaken the plaque and facilitate radial expansion and yielding 

25 of the artery during subsequent balloon dilation. 

Cardiovascular treatment systems according to the 
present invention will comprise a sleeve catheter in 
combination with a base intravascular catheter, where the base 
intravascular catheter can be any conventional interventional 

30 or diagnostic imaging catheter. The sleeve catheter comprises 
a tubular body having a proximal end, a distal end, and an 
axial lumen therethrough which slldably receives the 
intravascular catheter. The sleeve catheter further includes 
an interactive element near its distal end, usually being an 

35 imaging system, such as a phased-array of ultrasonic 

transducers, a drug delivery system, such as a plurality of 
drug infusion tubes, a stent/graft placement system, such as a 
radially expandable segment on the sleeve which permits 
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expansion and anchoring of a stent or graft by internal 
expansion of a balloon, or a plaque pre-slitting device. The 
sleeve catheter will be sized so that it fits closely over the 
base intravascular catheter, usually having an axial lumen 
with a diameter which is from 110% to 150% of the outer 
diameter of the intravascular catheter. Usually, the sleeve 
catheter will have blood perfusion ports disposed proximally 
of the distal end by a distance sufficient to provide blood 
perfusion flow when the sleeve catheter is in a stenotic or 
other occluded region, typically being at least 2 cm from the 
distal end. Optionally, in the case of drug delivery systems, 
stent/graft placement systems, and plaque pre-slitting 
devices, a portion of the sleeve in the distal region may be 
radially expandable to permit expansion using a balloon 
catheter. Such expansion during drug delivery promotes 
contact and enhances the efficiency of delivery into the blood 
vessel wall, such expansion during stent/graft placement can 
act to anchor and expand the stent/graft at a target location 
in the vascular system. Such expansion during plaque 
pretreatment allows cutting blades to be contacted against the 
plaque to impart axial scoring or slitting. 

A further understanding of the nature and advantages 
of the indention will become apparent by reference to the 
remaining portions of the specification and drawings. 

BRIEF DE8CRZPTIOH OF SHE DRAWINGS 

Fig. 1 is a perspective view of a sleeve catheter 
constructed in accordance with the principles of the present 
invention and including a phased-array of ultrasonic imaging 
transducers at its distal end. 

Fig. 2 is the distal end of a sleeve catheter 
similar to that illustrated in Fig. i, further including a 
plurality of drug infusion lumens are provided at its distal 
end. 

Fig. 2A is a cross-sectional view of the catheter of 
Pig. 2, taken along line 3-3. 
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Figs. 3A-3C Illustrate the distal end of a sleeve 
catheter similar to that illustrated in Fig. l, further 
including a vascular stent carried over its distal end. 

Figs. 4A-4D are side views illustrating the sleeve 
of Fig. 1 being used in combination with a balloon angioplasty 
catheter for the imaging and dilatation of a region of 
stenosis in a blood vessel. 

Fig. 5 is a perspective view of a further embodiment 
of an agent delivery catheter constructed in accordance with 
the principles of the invention. 

Figs. 6A and 6B are side elevational views of a 
distal portion of the catheter of Fig. 5 in undeployed and 
deployed configurations, respectively. 

Fig. 7 is a transverse cross-section through line 7-* 
7 in a proximal portion of the shaft of the catheter of Fig. 
5. 

Figs. 8A-8E are transverse cross-^sections through 
line 8-8 at the distal end of the shaft in the catheter of 
Fig. 5 illustrating various embodiments of the stiffening 
elements in the infusion array. 

Fig. 8F is a top elevational view of a further 
embodiment of the stiffening element in the catheter of Fig. 
5. 

Fig. 9 is a side cross-section of a ftxrther 
embodiment of the infusion array of the catheter of Fig. 5 
wherein the delivery conduits are secured to the periphery of 
an elastomer ic sleeve. 

Fig. lOA is a transverse cross-section of the 
infusion 2array of Fig. 9. 

Fig. lOB is a transverse cross-section through the 
infusion array wherein the elastomeric sleeve is disposed 
external to the delivery conduits. 

Figs. IIA-IIB are a side cross-section and a 
perspective view, respectively, of the distal tip of the 
catheter of Fig. 5. 

Fig, lie is a side cross-sectional view of a further 
embodiment of a distal tip constructed in accordance with the 
principles of the invention. 
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Fig. 12 is a side cross-section of the manifold 
assembly at the proximal end of the catheter of Fig. 5. 

Figs. 13A-13D are side views illustrating the 
catheter of Fig. 5 positioned in a body lumen according to the 
5 method of the invention. 

Figs. 14A-14C are side cross-sectional views of a 
distal portion of the infusion catheter of Fig. 5 illustrating 
the radiopaque markers on the stiffening elements. 

Fig. 15 is a perspective view of the distal end of 
10 an alternative infusion array constructed in accordance with 
the principles of the present invention received over a 
balloon catheter. 

Fig. 16 is a planar projection of the infusion array 
of Fig. 15, where the tubular array has been "unrolled** to 
15 show a pattern of splits between adjacent pairs of infusion 
conduits. 

DETAZLED 0B8CRZPTZ0N OF SPECIFIC EKB0DIME1IT8 

The present invention provides methods and devices 

20 for performing multiple, sequential intraluminal procedures on 
a patient as part of therapeutic or diagnostic treatment. By 
"intraluminal," it is meant that the procedures occur at a 
target location within a body lumen, usually being within the 
patient vasculature, more usually being within the axrterial 

25 system, including the coronary arteries, the peripheral 

arteries, and the cerebral arteries. The methods and devices 
of the present invention, however, are not limited to use in 
the vascular system, and may also be advantageously employed 
in other body structures, including the prostate via the 

30 prostatic urethra, (e.g. to treat benign prostatic 

hypertrophy, prostatitis, and adenocarcinoma), the fallopian 
tubes via its lumen (to treat strictures) , brain parenchyma 
(to treat Parkinson *s disease), and the like. 

The "target location" within the body lumen will 

35 usually be diseased or be suspected of being diseased. In the 
case of vascular treatment, the target locations will usually 
be stenotic regions where blood flow is restricted as a result 
of atheroma deposits or plague. Diseased sites within other 
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body lumens are well-known and described In the medical 
literature. 

By "multiple" procedur. s, it is meant that at least 
two interventional and/or diagnostic, procedures will be 
performed as part of a single treatment regimen. 
Interventional procedures may also be referred to as 
therapeutic and include revascularization techniques, such as 
balloon angioplasty, laser angioplasty, ultrasonic 
angioplasty, atherectomy, and the like; drug delivery 
techniques; stent placement techniques; axial scoring or 
slitting of plague prior to dilatation by balloon angioplasty; 
axv? the like. Diagnostic procedures include imaging 
paxi:icularly ultrasonic imaging but also including angioscopy, 
contrast delivery, and the like. By "sequential," it is meant 
that one procedure will be performed followed by performing 
another without having to exchange catheters over a guidewire, 
usually in any order, with or without repetitions, in the 
preferred case of intravascular treatment, at least one of the 
procedures will usually be interventional, more usually being 
balloon, laser or ultrasonic angioplasty, or atherectomy, 
while the other procedure may be interventional or diagnostic 
usually being drug delivery, imaging, stent placement or pre- 
slitting of the plaque prior to angioplasty. 

The methods of the present invention will utilize 
both a base catheter and a sleeve catheter which is slidably 
received over the base catheter. Each of the base and sleeve 
catheters will include an interactive device at or near its 
distal end, and the catheters will usually be introduced 
together with the sleeve catheter being disposed over the base 
catheter. Once the distal ends of the catheters reach a 
location near the treatment site, the catheters may be axially 
translated relative to each other in order to sequentially or 
simultaneously position each interactive device at the 
treatment site. Conveniently, the base catheter can be a 
conventional interventional or diagnostic catheter usually 
being an interventional catheter more usually being an 
angioplasty catheter or an atherectomy catheter. 
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The sleeve catheter is sized to be received over the 
base catheter and provided with an interactive capability 
selected to complement or enhance the interventional 
capability of the base catheter. For example, it will 
5 frequently be advantageous to provide an imaging sleeve 
catheter with either an angioplasty or atherectomy base 
catheter, where the imaging capability can help assess the 
stenotic region prior to treatment in order to provide more 
effective treatment. Drug delivery sleeve catheters are 
10 particularly useful to treat a target location after an 

angioplasty procediire in order to inhibit abrupt closure and 
restenosis. Radially expandable sleeve catheters permit 
carrying and subsequent placement of stents and grafts in 
combination with balloon angioplasty catheters. 
15 Alternatively, radially expandable sleeve catheters may carry 
cutting blades or other elements which may be deployed to 
score arterial plaque prior to balloon angioplasty. 

The lumen of the sleeve catheter which receives the 
base catheter need not extend the entire length of the base 
20 catheter. Instead, a proximal portion of the sleeve catheter 
can consist essentially of a small diameter rod or tube, with 
an outside diameter typically in the range from 0.3 mm to 0.8 
mm, which has sufficient flexibility to be introduced through 
the relatively non-tortuous regions of the vasculature but 
25 which has sufficient column strength to allow axial 

translation of the distal end of the sleeve. For example, 
stainless steel hypotube can be used, where the lumen of the 
hypotube provides for electrical conductor access in the case 
of an ultrasonic imaging device. The remaining description 
30 will be directed at embodiments where the sleeve body extends 
the entire length of the associated base catheter. It will be 
appreciated, however, that in at least some cases, a rod or 
narrow diameter tube can be substituted for the larger 
diameter tube body. 
35 The design and construction of particular 

interactive devices is well-known and amply described in the 
patent and medical literature. For example, angioplasty 
devices and angioplasty catheters which may be used in the 
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present invention are described in U.S. Patent Nos. 5,041,089; 
4,762,129; 4,775,371; 4,323,071, and 4,292,974, the full 
disclosures of which are incorporated herein by reference. 
Suitable atherectomy devices and catheters are described in 
5 U.S. Patent Nos. 4,979,951; 5,071,425; Re. 33,569; 4,781,186; 
4,926,858; 5,047,040; 5,181,920; 5,084,010; 5,226,909; 
5,092,873; 5,222,966; 5,?42,460; and 5,250,059, the full 
disclosures of which are incorporated herein by reference. 
Interventional laser angioplasty systems are commercially 

10 available from suppliers such as Trimedyne, Inc., Tustin, 

California, tinder the tradenames; Optilase™, Cardiolase^ and 
Laserprobe™. Interventional c© iovascular ultrasound systems 
for the destruction of plaque are described in U.S. Patent 
Nos. 3,565,062 and 4,692,139, and W093/21835, the full 

15 disclosures of which are incorporated herein by reference, and 
Sieael et al. (1990) J. Am. Col. Cardiol. 15:345-351. Imaging 
devices suitable for use as the interactive device of the 
present invention will usually be ultrasonic, phased-array 
devices, such as described in U.S. Patent Nos. 4,841,977 and 

20 4,917,097, the full disclosures of which are incorporated 

herein by reference. Intravascular stents and stent delivery 
catheters are described in U.S. Patent Nos. 4,776,337 and 
5,092,877, the full disclosures of which are incorporated 
herein by reference. 

25 Referring now to Pig. i, the sleeve catheter 10 

comprises a tubular body 12 having a proximal end 14 and a 
distal end 16. Sleeve catheter 10 includes an axial lumen 20 
which extends from a distal port 22 to a proximal housing 24. 
The axial lumen 20 will be sized to receive a base catheter, 

30 such as angioplasty catheter 30 shown in broken line. The 
axial lumen 20 will typically be sized slightly larger than 
the outside diameter of the associated base catheter, 
typically having an inner diameter which is from 110% to 150% 
of the outer diameter of the base catheter, preferably being 

35 from 110% to 120% of the diameter of the base catheter. Thus, 
the lumen 20 will typically be sized from about 1.3 mm to 2.0 
mm, more usually from 1.3 mm to 1.7 mm. The catheter body 12 
will have a length depending on its desired use. Typically, 
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the length will be from about 40 cm to 150 cm, usually being 
between about 40 cm and 120 cm for peripheral catheters and 
being between about 110 cm and 150 cm for coronary sleeve 
catheters. The outer diameter of the catheter body will 
usually be between about 1.4 mm and 2.3 mm, more usually being 
between about 1.6 mm and 2.0 mm. 

The catheter body may be composed of a wide variety 
of biologically compatible materials, typically being made 
from natural or synthetic polymers, such as silicone rubber 
polyethylene, polyvinylchloride, polyurethanes, polyesters, 
polytetrafluorethylene's (PTFE's), nylon, and the like. 
Optionally, the catheter sleeve body may be formed as a 
composite having one or more reinforcement layers incorporated 
within the polymeric body in order to enhance its strength, 
flexibility, and toughness. Additionally, the catheter sleeve 
may include an inner liner made from a liibricous material such 
as a fluoropolymer, e.g, PTPE, PEP, or PFA, to enhance its 
ability to slide over the base catheter. Additionally, the 
composition of the catheter body 12 may vary along its length, 
with discrete portions of its length being composed from 
different materials and/ or composites. Typically, the 
catheter body will be formed using extrusion techniques which 
are well described in the patent and medical literature. 

An exemplary catheter 10 (Pig. i) includes an 
imaging array 32 formed over a portion of the outer surface of 
the body near its distal end. The imaging array comprises a 
plurality of circumferential ly spaced-apart elongate 
ultrasonic transducers, which are conveniently formed by 
depositing a polymeric or other transducer material onto the 
outer surface of the catheter body. The resulting ultrasonic 
transducers should be capable of operating at a frequency in 
the range from about 5 to 50 MHz, with suitable piezoelectric 
materials including polyvinylidene dif luouride (PVDP) and 
vinylidene f luoride-trifluoroethylene copolymers. Suitable 
inorganic transducer materials include bariiun titanate and 
cinnabar. Particular designs and methods for incorporating 
phased-array ultrasonic transducer devices into the sleeve 
catheter 10 are well described in the patent and scientific 
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literature, including the U.S. patents which have been 
incorporated by reference hereinabove. 

A sleeve catheter 40 intended for intravascular drug 
delivery is illustrated in Figs. 2 and 2A. The catheter 40 
includes a catheter body 42 having the general dimensions and 
being fabricated by the methods described above. The catheter 
body 42 further includes a plurality of infusion lumens 44 
formed axially along its length. The infusion lumens 
communicate with a plurality of drug-infusion ports 46 
disposed near the distal end of the catheter 40 The catheter 
40 includes axial lumen 48, which may receive a balloon 
angioplasty or other interventional catheter, generally as 
described above. 

A sleeve catheter 300 for intravascular stent or 
graft placement is illustrated in Figs. 3A-3C. The sleeve 
catheter 300 comprises a tubular body 302 having a radially 
expandable region 304 near its distal end 306. The radially 
expandable region 304 may be composed of an elastomeric 
material and/or have a plurality of axial slits 308 which 
facilitate expansion by internal inflation of an angioplasty 
balloon. Optionally, the sleeve catheter 300 includes 
perfusion ports 301, as described previously. 

An expandable stent 310 is disposed over the 
radially expandable region 304. The stent structure is 
illustrated as multiple, counter-wound helices, where the 
helic ar non-elastically deformable so that they may be 
expanded from a reduced diameter configuration, as illustrated 
in Fig. 3A to an enlarged diameter configuration as 
illustrated in Fig. 3C. other stent structures, such as thin- 
walled tubes which have been etched or cut along a plurality 
of axial and/or circumferential lines to permit radial 
expansion (see U.S. Patent Mos. 4,776,337 and 5,236,447, the 
full disclosures of which are incorporated herein by 
reference) , will also be useful with the present invention, as 
will be vascular graft structures which are employed in 
treating aortic and other aneurysms. 

The stent placement sleeve catheter 300 will usually 
be introduced together with an angioplasty balloon catheter 
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320 over a guidevlre GW in a conventional manner. The sleeve 
catheter 300 may be introduced simultaneously with the 
angioplasty catheter 320 or may be introduced subsequent to 
the initial introduction of the angioplasty catheter. 
Usually, balloon 322 will be expanded to treat a target region 
in blood vessel BV while the sleeve catheter 300 remains just . 
proximal to the balloon, as illustrated in Fig. 3A (with the 
expanded balloon shown in broken line) • After treatment, the 
balloon 322 will be deflated and the sleeve catheter 300 will 
be advanced over the angioplasty catheter 320 so that the 
expemdable region 304 lies over deflated balloon 322, as 
illustrated in Fig. 3B. Alternatively, after deflation, the 
balloon 322 on angioplasty catheter 320 may be retracted to 
lie within the radially expandable region 304 of sleeve 
catheter 300, typically by aligning radiopaque markers (not 
shown) on both the angioplasty catheter 320 and the sleeve 
catheter 300. The angioplasty catheter 320 and sleeve 
catheter 300 may then be advanced simultaneously until the 
expandable region 304 carrying stent 310 lies within the 
target region which has just been treated, in either case, 
the balloon 322 is then expanded, causing expansion of the 
region 304 and the stent 310, as illustrated in Fig. 3C. The 
balloon 322 may then be deflated leaving the expanded stent 
anchored in place at the treatment site. 

Referring now to Figs. 4A-4D, use of the imaging 
sleeve catheter 10 in performing vascular imaging in 
combination with a balloon angioplasty procedure will be 
described. The imaging sleeve 10 is introduced into a region 
of stenosis S while disposed over a conventional dilatation 
catheter DC. The combination of the imaging sleeve lo and the 
dilatation catheter DC is Introduced over a conventional 
guidewire GW until the imaging device 32 is located within the 
region of stenosis S. conveniently, radiopaque markers 50 and 
52 may be provided in order to facilitate positioning and 
locating the imaging portion of the sleeve under fluoroscopic 
viewing. The initial position of the imaging sleeve 10 used 
for imaging the region of stenosis s is illustrated in Fig. 
4A. 
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After imaging, the imaging sleeve 10 is withdrawn 
over the dilation catheter-DC by a distance sufficvant to 
expose dilation balloon B^^ats illustrated in Fig. \.. After 
exposing the dilatation balloon B, the dilatation catheter DC 
can be more precisely positioned (with the help of radiopaque 
markers) to effect dilatation in the conventional manner. It 
will be appreciated that the information gained from imaging 
will be useful in assessing the severity of the lesion and in 
choosing the most appropriate treatment protocol. 

Inflation of the dilatation balloon B is illustrated 
in Pig. 4C. The balloon expands radially outward to distend 
the blood vessel at the treatment site to restore blood flow 
in a conventional manner. After treating the region of 
stenosis S using the dilatation catheter DC, the imaging 
sleeve 10 remains available for reimaging the treated region 
by ;iiimply passing the sleeve distally over the deflated 
balloon B of the dilatation catheter DC until it is properly 
positioned for imaging. The imaging sleeve 10 is also 
available for providing perfusion blood flow in the case of 
abrupt vessel closure, as illustrated in Pig. 4D. Balloon 
dilatation can sometimes cause dissection in the blood vessel 
wall^ resulting in the formation of "flaps" F of material 
which ^can potentially occlude the blood vessel lumen. In such 
cases, blood flow through the vessel can be abruptly stopped. 
Thrombus or blood clot formation at the site of the lesion can 
also cause abrupt blood vessel closure* In the case of 
coronary arteries, such cessation of blood flow can lead to a 
myocardial infarction and be life threatening. The imaging 
sleeve 10 of the present invention also permits blood flow to 
be reesteUblished, even in the case of abrupt closure, by 
providing perfusion ports 60 on the tubular body of the 
catheter proximal of the imaging region 32. The perfusion 
ports 60 are provided in sufficient number and along a 
sufficient length so that at least seme of said ports will be 
available to permit the inflow of blood upstream of the region 
of stenosis and any obstructions which may occur therein. As 
illustrated in Fig. 4D, the blood flows into ttiese ports and 
flows out of the distal port 22, providing the desired blood 
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perfusion flow. Blood flow perfusion through the sleeve 
catheter can be enhanced by partially withdrawing the 
angioplasty catheter to open the internal lumen between the 
ports 60 and the open distal port 22. 

In a further embodiment, illustrated in Figs. 5-14, 
an agent infusion catheter 200 is configured to slidably 
receive a conventional dilatation catheter within an axial 
guide passage in the infusion catheter shaft. This allows the 
dilatation catheter to serve as a guide member for the 
infusion catheter to guide the catheter to the treatment site 
and permits the use of any of a variety of commercially- 
available dilatation catheters in conjunction with the agent 
infusion catheter of the invention. Dilatation catheters 
suitable for use with the infusion catheter illustrated in 
Pigs. 5-14 are described, for example, in U.S. Patent No. 
5,041,089, U.S. Patent No. 4,323,071, U.S. Patent No. 
4,292,974, U.S. Patent No. 4,762,129 and U.S. Patent No. 
4,775,371, the complete disclosures of which are incorporated 
herein by reference, such dilatation catheters are 
commercially available from, for example. Advanced 
Cardiovascular Systems, Inc., Temeoula, California. 

Referring to Fig. 5, in a preferred embodiment, 
agent infusion catheter 200 includes an elongate flexible 
shaft 202 having a distal end 204 and a proximal end 206. a 
manifold assembly 208 is fixed to the proximal end of the 
shaft and includes dilatation catheter port 210 on its 
proximal end and an agent introduction port 212 in a fitting 
214 provided with a Luer lock (not shown) , secured to the 
assembly. At the distal end of the shaft 202 is an infusion 
array 216 having a plurality of orifices 2I8 along lateral 
surfaces of the shaft. Shaft 202 comprises a plurality of 
axially disposed agent delivery passages 220 extending from 
the proximal end which are connected to a corresponding number 
of agent delivery conduits 222 at the distal end. Orifices 
218 are in communication with interior axial lumens 233 in 
delivery conduits 222. An axial cut or slot 224 is formed in 
shaft 202 between each of delivery conduits 222 such that the 
delivery conduits are separated from one another by the slots. 
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A Stiffening element 226 is disposed in at least a single 
delivery conduit 222, as described more fully below. A 
conically tapered distal tip 228 is fixed to the distal end 
204 of the shaft. 
5 In a preferred embodiment, shaft 202 will be 

constructed of materials and will have dimensions selected as 
appropriate for insertion of the shaft trans luminally inside a 
guiding catheter (not shown), in a blood vessel* In an 
exemplary embodiment, shaft 202 will have a length in the 

10 range of 110 to 150cm, and an outer diameter of 1.1 mm-2.3 mm 
(0.04 to 0.09 inches). Infusion array 216 will be 
approximately 10 to 60 mm in length. Catheter shaft 202 may 
be any of a variety of biocompatible, flexible materials 
including, for example, polyester, polyethylene or polyamide. 

15 Preferably, as described above, catheter shaft 202 (including 
delivery passages 220) and delivery conduits 222 wi:il comprise 
a single, monolithic extrusion from proximal end 206 to distal 
end 204. 

As shown in Fig. 6A, in an undeployed configuration, 
20 infusion array 216 is aligned with and has an outer diameter 
generally equal to that of the proximal portion of shaft 202. 
As shown in Fig. 6B, a dilatation catheter 230 may be 
positioned through an axial guide passage of shaft 202 
(described below) such that a balloon or other expansion 
25 member 232 at the distal end of the dilatation catheter is 

within infusion array 216 adjacent delivery conduits 222. By 
e^;n?anding balloon 232, infusion array 216 is deployed radially 
outward to bring orifices 218 adjacent to a treatment site on 
a vessel wall. 

30 Fig. 7 illustrates a transverse cross«*section 

through a proximal portion of shaft 202. A guide passage 234 
extends longitudinally through the catheter shaft for slldably 
receiving a dilatation catheter. Guide passage 234 may be 
coated with a lubricous material such as a hydrogel or 

35 fluorocarbon polymer, for example, fluorinated ethylene- 
propylene or polytetraf luoroethylene, available commercially 
under the trademark Teflon® from DuPont. Such a coating 
facilitates longitudinal positioning and alignment of a 
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dilatation catheter in guide passage 234 when catheter 200 is 
disposed in a tortuous configuration in a vessel. Guide 
passage 234 will have a diameter of 0.7-2.0 mm (0.03-0.08 
inches), preferably 1.2-1.8 mm (0.05-0.07 inches), suitable 
for receiving most commercially-available dilatation catheters 
in current use. 

Delivery passages 220 run parallel to guide passage 
234. In an exemplary embodiment, delivery passages 220 are 
disposed in longitudinal ribs 236 which protrude radially 
outward from shaft 202. Delivery passages 220 will have an 
interior height (or diameter, if round) in the range of O.Ol 
mm to 0.7 mm (0.005-0.03 inches). 

Figs. 8A-8E illustrate treuisverse cross-sections of 
the distal portion of shaft 202 through infusion array 216 in 
various embodiments, in the embodiment of Fig. 8A, delivery 
conduits 222 are separated fr«n each other by slots 224 so as 
to permit lateral expansion for deployment of the delivery 
conduits. Delivery conduits 222 have an axial lumen 238 which 
is in communication with delivery passages 220 in the catheter 
shaft. Delivery conduits 222 surround guide passage 234. 
Stiffening elements 226 are disposed within axial lumen, 238 
and occupy only a portion thereof to permit flow of agent 
through the lumen, in the embodiment of Fig. 8A, stiff ener 
elements 226 comprise ribbon or bar-shaped rods of generally 
rectangular cross-section. The rods may be unrestrained in 
the axial lumens of the delivery conduits, secured at their 
distal end to the distal tip as described below, or co- 
extruded in the walls of the delivery conduits, also described 
below. Stiff ener elements 226 may be any of a variety of 
materials such as stainless steel, tantalum, nickel-titanium, 
or tungsten and having a geometrical configuration leading to 
greater axial rigidity but being laterally more flexible and 
resilient. The stiffening elements may extend from distal end 
204 to proximal end 206 of shaft 202 through the delivery 
passages, or may have a shorter length, e.g. 30-70 mm, so as 
to extend from a point near distal end 204 to a point just 
proximal to infusion array 216. 
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^:?tiffener elements 226 serve several functions. 
First, tl tiffener elements help to maintain the patency of 
axial lumens 238 in the delivery conduits. Second, stiff ener 
elements 226 provide stiffness and resilience to delivery 
conduits 222 such that, following expansion of the delivery 
conduits, they will recoil back to the undeployed 
configuration. Third, stiff ener elements 226 serve to 
maintain the relative alignment between the delivery conduits 
during longitudinal positioning and later expansion, so that 
the delivery conduits remain approximately equally sepzirated 
from each other when deployed, facilitating uniform treatment 
of an area of the vessel wall. Furthermore, a stiff ener 
element 226 of rectangular cross-section allc ; s controlling 
the relative magnitude of lateral versus radial stiffness. In 
the configuration shown, the bending stiffness of stiffener 
element 226 is substantially less in th^i radial direction 
about a first axis perpendicular to the shaft than in the 
lateral direction about a second axis perpendicular to the 
shaft and perpendicular to the first axis. 

Fig. 8B illustrates a further embodiment of delivery 
conduits 222 and stiff ening elements 226. in this embodiment, 
slot 224 is significantly wider than in previous embodiments, 
such that substantially all of the material between delivery 
conduits 222 is removed. Further, in this embodiment, 
stiffener elements 226 comprise rods having a round cross- 
section. With such a shape, the stiffener elements are 
particularly effective in maintaining the patency of axial 
lumen 238. Further, the stiffener elements of round cross- 
section will not tend to block passage of an agent through 
orifices 218 if the rods float to the outer surface of the 
axial lumen. 

In the embodiment of Fig. 8C, stiffener elements 226 
comprise rods round in cross-section embedded in the outer 
wall 240 of delivery conduit 222. It should be understood 
that stiffener elements of various cross-sectional shapes may 
be embedded in the wall of the delivery conduits in the manner 
shown in Fig. 8C. 
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In the embodiment of Fig. 8D, stiffener elements 226 
are disposed exterior to delivery conduits 222, In an 
exemplary embodiment, the stiffener elements are disposed 
along a side surface of each delivery conduit so as not to 
interfere with contact between the outer lateral surfaces of 
the delivery conduits and the wall of the vessel. Again, 
stiffener elements of various configurations may be used, 
including round, rectanguleur, and other cross-sectional 
shapes. 

In Fig. 8E, several additional embodiments of 
stiffener elements 226 are illustrated. In these embodiments, 
the stiffener elements have a surface contour which prevents 
the stiffener elements from blocking flow of agent through 
orifices 218 should the stiffener elements float outward 
against the outer wall of the axial lumen. In one embodiment, 
stiffener element 226a has a zigzag cross-section. In a 
second embodiment, stiffener element 226b has a dotible curve 
or wave cross-section. In a third embodiment, stiffener 
element 226c has a longitudinal ridge 242. In these 
embodiments, a plurality of transverse slots (not shown) may 
be provided at various points along the length of the 
stiffener elements to reduce radial stiffness and enhance the 
free flow of agent from one side of the stiffener element to 
the other. 

In another exemplary embodiment, illustrated in 
Pig- BP, stiffener elements 226 will have a plurality of cut- 
outs 227 along their length, which may take the form of 
indentations along the longitudinal edges as shown, or, 
alternatively, slots or holes through a middle portion of the 
stiffener elements. Cut outs 227 facilitate flow of agent 
from one side of the stiffener elements to the other to ensure 
the agent is not blocked from flowing through orifices 218. 

In a further embodiment of infusion array 216, 
illustrated in Pigs. 9 and 14A, an elastomeric sleeve 248 is 
mounted in guide passage 234, with delivery conduits 222 
disposed about the periphery of the elastomeric sleeve. 
Elastomeric sleeve 248 will comprise a tubular element of a 
flexible and resilient elastomeric polymer, such as silicon or 
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urethane. Usually, delivery conduits 222 will be fixed to the 
ext lor of elastomeric sleeve 248. In this way, the 
elastojneric sleeve serves to facilitate resilient return of 
the delivery conduits from the deployed to the undeployed 
position. In addition, the elastomeric sleeve serves to 
maintain alignment of tSie delivery conduits as they are 
expanded so as to maintain proper spacing between adjacent 
delivery conduits. While stiff ener elements 226 are included 
in Pigs. 9 and 10, the use of elastomeric sleeve 248 may 
obviate the need for stiffening elements, as the sleeve may 
adequately maintain alignment and provide resilience. 

In an alternatis^e embodiment, illustrated in 
Pig. lOB, elastomeric sleeve 248 is disposed external to 
delivery conduits 222, with the delivery conduits secured to 
the interior of the sleeve. Orifices 218 extend from axial 
lumen 238 through delivery conduits 222 as well as through 
elastomeric sleeve 248. in a preferred embodiment, the 
elastomeric sleeve is configured so as to generally conform to 
the exterior contour of the delivery conduits, minimizing the 
profile of the distal portion of the catheter, as well as 
accommodating the expansion of the delivery conduits. 

Referring now to Figs. liA-iic, distal tip 228 will 
be more fully described. Distal tip 228 provides a minimally 
traumatic leading edge to catheter 200, as well as facilitates 
slidable tracking of catheter 200 over a dilatation catheter, 
as described more fully below, m addition, the distal tip ' 
228 provides a seal for the distal ends c delivery conduits 
222. In an exemplary embodiment, shown in Pigs. iiA-liB, 
distal tip 228 has an axial passage 250 aligned with guide 
passage 234 in shaft 202. Distal tip 228 has a conically 
tapered exterior to enhance navigation of the catheter through 
a vessel lumen. Usually, distal tip 228 will have a length of 
1 to 5 mm and exterior diameter at proximal end 254 generally 
equal to that of the outer surface of the delivery conduits 
222, with distal end 252 being approximately 30% smaller in 
diameter than proximal end 254. Distal tip 228 further 
includes a plurality of proximal ly-extending prongs 260, which 
fit within axial lumens 238 at the distal ends of delivery 
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conduits 222. Prongs 260 thereby provide a seal for the 
distal end of the delivezy conduits and provide the adhesion 
to shaft 202 required to properly retain distal tip 228 with 
the catheter. Prongs 260 can also be employed to retain the 
distal ends of stiff ener elements 226 within axial lumens 238, 
In one embodiment, distal tip 228 may be molded urethane, 
formed by a process in which urethane is poured into a mold 
and the distal end of shaft 202 is inserted into the mold 
while the urethane is liquid, permitting the urethane to wick 
into axial lumens 238, thereby forming prongs 260. 

In an alternative embodiment of the distal tip, 
illustrated in Fig. lie, distal tip 228 has a trumpet shape 
wherein axial passage 250 tapers radially outward in the 
distal direction. The outer periphery of distal tip 228 may 
be tapered inward near the distal end 252 to facilitate 
navigation through a vessel lumen. The trtimpet-shaped distal 
tip of Pig. lie facilitates smooth retraction of the expansion 
member (e.g. balloon) of a dilatation catheter from a position 
distal to distal tip 228 to a position within guide passage 
234 adjacent delivery conduits 222. 

Fig. lie further illustrates the retention of distal 
ends 229 of stiffener elements 226 by encapsulation in prongs 
260 of the distal tip. In this embodiment, when distal tip 
228 is to be formed, stiffener elements 226 are positioned in 
axial lumens 238 of the delivery conduits with distal ends 229 
near the distal end 204 of shaft 202. Distal tip 228 is then 
formed as described above, by pouring a polymer such as 
uretheme into a mold and putting the distal end of the 
catheter shaft in the mold while the urethane is liquid. The 
urethane then wicks into axial lumens 234, encapsulating the 
distal ends of the stiffener elements. 

Referring now to Fig. 12, manifold assembly 208 will 
be more fully described. The manifold assembly includes a 
housing 262 which may be a metal or any of a variety of rigid 
plastics, including acrylonitrile-butadiene-styrene (ABS) , 
Delrin®, polycarbonate and the like. Shaft 202 extends 
through a flexible polymeric strain relief 264 into an 
interior chamber 266 within housing 262. The proximal end 270 
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Of Shaft 202 is secured about a cylindrical mandrel 272 formed 
in housing 262. Mandrel 272 has an axial bore 274 which 
connects dilatation catheter port 210 to guide passage 234. 
In a preferred embodiment, a diaphragm 275 is mounted in a 
5 proximal portion of bore 274 near catheter port 210. 

Diaphragm 275 has a passage 277 which may comprise a hole or 
slit which elastically expands when a dilatation catheter of 
larger diameter is inserted through it. The diaphragm thus 
provides a sealed entrance for introducing a dilatation 

10 catheter into guide passage 234* 

Chamber 266 is in communication with agent 
introduction port 212 in Luer fitting 214. The proximal end 
of shaft 202 will have circumferential notches 268 providing 
fluid communication between chamber 266 and agent delivery 

15 passages 220. Luer fitting 214 will be configured for 

connection to a precision agent delivery device. In this way, 
an agent delivered through delivery port 212 will flow into 
delivery passages 220 for delivery to infusion array 216. 

Use of catheter 200 is illustrated in Figs. 13A-13D. 

20 In this embodiment, utilizing the agent infusion catheter 200 
described above in connection with Figs. 5-12, a balloon 
dilatation catheter DC of conventional construction is 
transluminally positioned .in a blood vessel V such that a 
balloon or other expansion member 280 (in an unlnflated 

25 configuration) is near a treatment site S. Typically, 

dilatation catheter DC will be positioned over a movable 
flexible guide wire GW. Dtiring this step, agent infusion 
catheter 200 need not be, but may be, positioned slidably over 
dilatation catheter DC. In some embodiments, it would be 

30 desirable to position a dilatation catheter in the vessel 
first, do a dilatation and then remove the dilatation 
catheter. Subsequently, catheter 200 is introducer over the 
dilatation catheter and both catheters are introdur 1 together 
into the vessel. In other instance ^, catheter 200 will be 

35 positioned over the dilatation catrieter outside of the body, 
and both catheters will be transluminally positioned in the 
vessel together. The dilatation catheter may then be used to 
perform dilatation as described below. 
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As shown in Fig. 13B, balloon dilatation catheter DC 
is positioned such that expansion member 280 is disposed 
distal to the distal end of agent infusion catheter 200. 
Expansion member 280 is then inflated using known techniques, 
dilatating vessel V at treatment site S. 

Expansion member 280 is then deflated and, as shown 
in Fig. 13C, dilatation catheter DC is drawn proximally 
relative to agent infusion catheter 200, Dilatation catheter 
DC is positioned such that expansion member 280 is adjacent 
infusion array 216 in the interior guide passage of catheter 
200, described above. Agent infusion catheter 200 is then 
positioned within vessel V such that infusion array 216 is 
near treatment site S. 

Expansion member 280 is then inflated so as to 
position delivery conduits 222 in apposition to treatment site 
S on the vessel wall. An agent is then delivered through 
delivery passages 220 in catheter 200 to delivery conduits 
222. The agent is infused under pressure through the delivery 
conduits and through orifices 218 to penetrate the vessel wall 
in the region of treatment site S. When treatment is complete 
at the site, agent delivery is discontinued, and expansion 
member 280 deflated to return delivery conduits 222 to an 
updeployed position as in Fig. 13C. If further treatment is 
desired at the same or different site, dilatation catheter DC 
may be extended distal to infusion catheter 200 to the 
position shown in Fig. 13A. Dilatation and/or agent infusion 
may be repeated at the same or a different site. 

To facilitate longitudinal positioning of infusion 
catheter 200 in a vessel lumen, as well as to assist proper 
axial alignment of the escpansion member (e.g. balloon) of the 
dilatation catheter with infusion array 216, radiopaque 
xiarkers may be provided on infusion catheter 200. In a 
preferred embodiment, shown in Figs. 14A-14C, radiopaque 
markers 282 are disposed on one or more of stiffener elements 
226. Markers 282 are formed by, for example, plating a 
radiopaque material such as gold or platinum onto stiffener 
elements 226. Dilatation catheter DC will also have a 
radiopaque marker 284, which is typically formed on the inner 
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Shaft 286 of catheter DC in the interior of expansion element 
280. In one embodiment, shown in Fig. 14A, at least two 
markers 282 are disposed on stiff ener elements 226 in a 
central portion of infusion array 216, the markers being 
separated a distance from one another usually about equal to 
or slightly greater than the length of marker 284 on 
dilatation catheter DC. In this way, by visualization through 
a radiographic imaging device, markers 282 facilitate axial 
alignment of expansion element 280 with infusion array 216 b; 
aligning dilatation catheter marker 284 between markers 282 on 
St iff ener elements 226. Markers 282 further provide visual 
indication of the location of infusion catheter 200 within the 
vessel so that infusion array 216 may be positioned adjacent 
to a treatment site. 

Alternative embodiments of radiopaque markers 282 
at^e illustrated in Figs. 14B and 14C. In Fig. 18B, marker 282 
is disposed on a distal portion of stiff ener element 226. In 
this way, dilatation catheter DC and/or infusion catheter 200 
are axially re-positioned relative to one another until marker 
284 on the dilatation catheter is exposed on the proximal side 
of marker 282. In the embodiment of Fig. 14C, marker 282 is 
disposed on a proximal portion of stiff ener element 226 
whereby the catheters are axially aligned by positioning 
dilatation catheter meorker 284 distal to marker 282 on the 
stiff ener element. 

An alternative infusion array 300 is illustrated in 
Figs. 15 and 16. The infusion array 300 is connected to the 
end of a flexible shaft (not shown) and is similar in certain 
respects to that illustrated in Figs. 5, 6A, and 6B, described 
above. The array 300 includes four isolated drug delivery 
conduits 302, and the delivery conduits 302 will be connected 
to delivery passages on the proximal shaft in a manner similar 
to that of the catheter of Figs, 5, 6A, and 6B The delivery 
conduits 302 are formed on or as part of a sleeve, with web 
portions 303 of the sleeve between adjacent pairs of conduits 
302 being axially split to facilitate expansion by an internal 
balloon 304 at the distal end. of a balloon catheter 306. The 
sleeve will usually be inelastic, typically being formed from 
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any of t:he materials described above for the shaft 202 of 
infusion catheter 200. The web of the sleeve may be split by 
cutting along a single line (and not removing material) or by 
cutting along parallel lines and removing material to form 
slots. The infusion array 300 differs from that illustrated 
in Figs. 5, 6A and 6B in the pattern of splits which is formed 
between adjacent pairs of. conduits 302. As best seen in 
Fig. 16 (which is a planar projection of the sleeve of 
infusion array 300} , a first pair of opposed web portions 303a 
will have a single split 310 which extends over most or all of 
the length of the sleeve of the infusion array. A second 
opposed pair of web portions 303b, in contrast, will be only 
partially split, having two axially spaced-apart splits 312 
and 314. In a particularly preferred embodiment, the splits 
312 and 314 will not be aligned, i.e., non-split regions 316 
and 318 will not overlap each other. 

As observed in Fig. 15, the pattern of splits 310, 
312, and 314 provides a relatively uniform and repeatable 
circumferential distribution of the delivery conduits 302 
along the entire length of the sleeve of infusion surray 300. 
This is in contrast to the design of Fig. 6B, where em 
infusion array which is fully split between adjacent delivery 
conduits may result in a less uniform circumferential 
distribution of the delivery conduits which may bunch together 
at localized regions on the infusion aurray. Such a non- 
uniform delivery conduit distribution is not always optimiim 
for drug delivery. By controlling the pattern of axial splits 
between adjacent conduits, other more repeatable conduit 
distributions can be achieved. The pattern of Figs. 15 and 16 
provides a particularly uniform distribution of the conduits 
over most of the length of the infusion array. 

While the above is a complete description of the 
preferred embodiments of the invention, various alternatives, 
modifications, and equivalents may be used. Therefore, the 
above description should not be taken as limiting the scope of 
the invention which is defined by the appended claims. 
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1. A cardiovascular treatment system comprising: 
an intravascular catheter having a proximal end, a 

distal end, and an interactive device near the distal end; and 

a sleeve catheter having proximal and distal ends, 
an axial lumen which slidably receives the intravascular 
catheter, and an interactive device near the distal end, 
wherein the axial lumen has a diameter which is from lio% to 
150% of the outer diameter of the intravascular catheter. 

2. A cardiovascular treatment system as in 
claim 1, wherein the interactive device on the intravascular 
catheter is selected from the group consisting of a dilatation 
balloon and an ultrasonic transducer. 

3. A cardiovascular treatment system as in 

claim 1, wherein the interactive device on the sleeve catheter 
is selected from the group consisting of a system for imaging 
a surrounding region, a stent, a graft and a drug infusion 
matrix, and axially aligned blades. i 

4. An infusion catheter for use in combination 
with a base catheter, said infusion catheter comprising a 
slenve having proximal and distal ends, an axial lumen which 
slidably receives the base catheter, and means at the distal 
end thereof for infusing a therapeutic agent into adjacent 
diseased tissue, wherein the axial lumen has a diameter which 
is from about 110% to 150% of the outer diameter of the base 
catheter. 

5. An infusion catheter as in claim 4, wherein the 
infusing means comprises a plurality of infusion lumens 
disposed over a distal region of the sleeve catheter. 

6. An infusion catheter as in claim 5, wherein the 
distal region of the sleeve is radially expandable, whereby 
the infusion lumens can be radially expanded by expanding a 
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balloon within the lumen of the distal region of the sleeve 
catheter. 

7. An infusion catheter as in claim 6, wherein the 
distal region of the sleeve is axially split to permit radial 
expansion. 

8. An infusion catheter as in claim 7, wherein the 
distal region of the sleeve is axially split in a staggered 
pattern. 



9. An imaging catheter for use in combination with 
a base catheter, said imaging catheter comprising a sleeve 
having proximal and distal ends, an axial lumen which slidably 
receives the base catheter, euid means at the distal end for 
inaging a surroiwding region of a body lumen, wherein the 
axial lumen has a diameter %diich is from H0% to 150% of the 
outer diameter of the interventional catheter. 

10. A stent delivery catheter for use in 
combination with a balloon catheter, said stent delivery 
catheter comprising a sleeve having proximal and distal ends, 
an axial lumen which slidably receives the balloon catheter, 
wherein at least a portion of the sleeve near the distal end 
is radially expansible to permit expansion of the balloon to 
radially eiepand a stent carried over said portion of the 
sleeve. 

11. A method for sequentially performing 
intraluminal procedures, said method comprising: 

introducing over a guidewire a base catheter having 
a sleeve catheter slidably disposed thereover to a target 
location in a body lumen, wherein the sleeve catheter has an 
axial lumen diameter which is from iio% to 150% of the outer 
diameter of the base catheter; 

positioning a first interactive device which is on 
the base catheter at the target location to perform a first 
procedure; and 
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axially translating the sleeve catheter relative to 
the base catheter to position a second interactive device 
which is on the sleeve catheter at the target location to 
perform a second procedure. 



12. A method as in claim 11, wherein the first 
interactive device is selected from the group consisting of a 
dilatation balloon and an ultrasonic transducer, and the first 
procedure comprises revascularization or Imaging of a stenosed 
region in a blood vessel and wherein the second interactive 
device is selected from the group consisting of axially 
aligned blades, a stent, a graft, and a drug infusion matrix 
and the second procedure comprises revascularization of the 
stenosed region in a blood vessel or wherein the second 
interactive device comprises a system for imaging a 
surrounding region and the second procedure comprises imaging 
said surrounding region. 

13. A method as in claim H, wherein the first 
interactive device is positioned and first procedure performed 
prior to positioning the second interactive device and 
performing the second procedure or wherein the second 
interactive device is positioned and second procedure 
performed prior to positioning the first interactive device 
and performing the first procedure. 

14. A method for delivering a therapeutic agent to 
a blood vessel in combination with another therapeutic 
procedure, said method comprising: 

introducing a base catheter having a therapeutic 
device at a distal end thereof and a sleeve catheter slidably 
disposed thereover to a stenotic region in the blood vessel, 
wherein the sleeve catheter has an axial lumen diameter which 
is from 110% to 150% of the outer diameter of the base 
catheter; 

performing a therapeutic procedure at the stenotic 
region with the therapeutic device while a distal end of the 
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Sleeve catheter Is proximally retracted to expose said 
therapeutic device; 

positioning the sleeve catheter to align an infusion 
matrix on the sleeve catheter for delivering the therapeutic 
agent at the stenotic region; and 

delivering therapeutic agent to said stenotic region 
through the delivering means on the sleeve catheter. 

15. A method for imaging a blood vessel during a 
therapeutic procedure, said method comprising; 

introducing a base catheter having a therapeutic 
device at a distal end thereof and a sleeve catheter slidably 
disposed thereover to a target location in the body lumen, 
wherein the sleeve catheter has an axial lumen diameter which 
is from 110% to 150% of the outer diameter of the base 
catheter; 

performing a therapeutic procedure at the target 
location with the therapeutic device while a distal end of the 
sleeve catheter is proximally retracted to expose said device; 

positioning the sleeve catheter to locate an imaging 
device on the sleeve catheter at the target location; and 

imaging the target location with the imaging device. 

16. A method for delivering a stent to a target 
site in a blood vessel, said method comprising: 

positioning a sleeve catheter carrying a stent over 
a radially expansible portion near its distal end so that the 
stent is located at the target site; and 

expanding a balloon within the radially expansible 
portion of the sleeve so that the stent is expanded at the 
target site. 
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